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Histones and 4 nuclear nonhistone protein fractions 
(NHP H) were extracted from nuclei of a Cloudman 
mouse melanoma cell line (NCTC 3960, CCL 53) and 
tested for their ability to bind to DNA and influence 
transcription. The histones and NHP fractions showed 
different binding affinities for DNA, with the histones 
and NHP1 exhibiting the highest affinity. The NHP frac-
tions differentially affected both the rate of RNA synthe-
sis and the size of RNA transcribed. NHP1 which in-
hibited RNA synthesis to the greatest extent, inhibited 
synthesis of all sizes of RNA except for major peaks of 
28S and 8S RNA and discrete minor peaks of 7S, 6S, 5S, 
and 4S RNA. Histones markedly enhanced the effect of 
NHP1 on RNA synthesis. These results suggest that there 
are nonhistone proteins in Cloudman melanoma nuclei 
which have a high affinity for DNA and which may be 
involved in the regulation of transcription. 
Nuclear proteins have been widely hypothesized to play a 
significant role in regulation of transcription in eukaryotic cells 
(1-5]. The manner in which these histones and nonhistone 
chromosomal proteins (NHPS) interact with each other and/ 
or DNA to modify and regulate this process is, however, unclear. 
The present study was undertaken to examine the influence of 
NHPs and histones on transcription in melanoma cells. Eluci-
dation of the role of these nuclear proteins in regulation of 
transcription may be important for development of an under-
standing of the mechanism(s) which dictate gene expression in 
melanoma cells. 
We have previously isolated his tones and 4 major NHP 
fractions from cultivated Cloudman mouse melanoma cells and 
have shown that the synthesis and/or transport of several NHP 
subfractions increases in the presence of melanocyte stimulating 
hormone (MSH) (6]. If these proteins are regulatory they 
should have a high affinity for DNA and influence DNA tem-
plate activity. 
In the present work we have utilized an in vitro system in 
which histones and/or various NHP fractions are reassociated 
to homologous DNA and have examined the RNA synthesized 
from this template. A number of different lines of evidence have 
demonstrated the fidelity of chromatin reconstitution and sup-
port t he contention that chromatin can be reconstituted with-
out significantly disrupting the structural or transcriptional 
integrity of the genome [7-11]. Though care is required in 
comparing these experiments to in vivo events, this system 
permits the examination of the influence of chromatin-associ-
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ated proteins on the regulation of transcription. Our findings 
indicate that there are nonhistone proteins in melanoma cells 
which have a high affinity for DNA and which restrict tran-
scription, permitting synthesis of only a few specific sizes of 
RNA, and that for at least one of the NHPs this effect is 
enhanced by histones. 
MATERIALS AND METHODS 
Cell Culture 
Mouse melanoma cells (Cloudman 891 NCTC 3960, CCL 53) were 
grown in 150 cm2 Corning culture flasks at 37° as previously described 
[6,12). For those experiments in which DNA labeled with "H-thymidine 
was utilized, flasks were seeded with 2.6 X 106 cells. After 48 hr, to each 
flask was added fresh F-10 medium lacking thymidine and leucine and 
containing 1.0 !LCi/ml H"-thymidine (38.5 mCi/mg, New England Nu-
clear) and 0.33 !Lg/ml un.labeled thymidine. The final concentration of 
thymidine was 0.36 !Lg/ ml (50% of the thymidine normally present in 
Ham's F-10 mixture). Cells were incubated in this medium for 48 hr. 
Isolation and Fractionation of Nuclear Proteins 
NHPs and histones were isolated from purified nuclei as previously 
described [6,12). The extraction procedure, which utilizes a series of 
buffers of varying ionic strength and increasing pH, yields his tones and 
4 NHP fractions (NHP,-NHP4). Protein concentrations were deter-
mined by the method of Lowry et al [13] and monitored during dialysis 
by absorbance at 280 nm [14). 
Extraction and Purification of DNA 
Labeled and un.labeled DNA were extracted from isolated Cloudman 
melanoma cell nuclei and purified by a modification of the method of 
Natori, Takeuchi, and _Mizuno [15]. The DNA (in 15 mM sodium 
chloride, 1.5 mM sodium citrate, 1.0 mM EDTA) was treated with 
pronase, 1 mg/m.l (Sigma Chemical Co.), pancreatic RNase, 10 !Lg/ml 
(Worthington Biochemical Co.) and purified T 1 RNase, 5 units/m.l 
(Grand Island Biological Co.). The purified DNA had an optical density 
ratio (260/280 nM) of 2.00 and its concentration was determined by the 
Burton diphenylamine procedure [16). No residual protein was detected 
using the Lowry et al [13] method of protein determination. DNA was 
sheared by ionic disruption to a uniform molecular weight of 1.5 X 10" 
± 0.5 x 10" daltons as determined by band sedimentation analysis in an 
analytical ultracentrifuge and by sucrose gradient analysis in which the 
molecu.lar weight was calculated from the appropriate S211 , w"'s and the 
equations of Studier [17]. 
Protein-DNA Binding 
Each of the solubilized NHP and histone fractions was reassociated 
with melanoma DNA by means of gradient dialysis [7,11]. DNA, NHPs, 
and/or histones were combined in 2 M NaCl, 5 M urea, 0.01 M Tris-HCl 
(pH 8.0), 1 mM MgCb and 0.1% {3 mercaptoethanol, and the NaCl was 
progressively removed by stepwise dialysis to 0.1 M followed by removal 
of urea and then by dialysis against 0.01 M Tris-HCl, pH 7.5; 0.01 M 
NaCl and 0.1 mM dithiothreitol (dialysis buffer) . 
The binding of protein to DNA was measured by the nitrocellulose 
filtration technique described by Riggs and Bourgeois [18] and Riggs, 
Suzuki, and BouTgeois [19]. Samples were filtered thTough Schleicher 
and Schuell B6 filters and the radioactivity on each filter was deter-
mined by scintillation counting. 
Transcriptional Studies 
Melanoma DNA bound to the various NHP fractions and/or histones 
was used as a template for RNA synthesis. The reaction mixture, in a 
final volume of 0.5 m.l, was incubated at 37°C for 30 min and included: 
0-60 !lg NHP and/or histone, 3 !lg DNA, 20 mM Tris-HCI (pH 7.9), 10 
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mM MgCI., 1 mM MnCh, 0.1 mM EDTA, 0.1 M KCl, 0.1 mM dithiothTe-
itol, 10 !J.M each of ATP, GTP, CTP, 2.0 !J.M [3H) UTP (41.5 Ci/mmole, 
New England Nuclear) and 2 uni ts E. Coli K12 RNA polymerase (Miles 
Laboratories Inc.). 3 !lg DNA was utilized so that enough DNA would 
be present from the same preparation for both transcriptional and gel 
e lectrophoretic studies. The proportions of DNA: protein remained the 
same as for t he filter binding studies (eg., a protein: DNA ratio of 60:3 
was the same as a ratio of 20:1 used in the ftlter binding studies). The 
reaction was stopped by t he addition of 100 !J.g BSA in 4 ml 10% 
t richloroacetic ac id containing 0.01 M sodium pyrophosphate. After 30 
min at 0°C the precipitates were filtered through 0.45 !l Millipore 
nitrocellulose filters (HA WP), which were washed with 10 ml of 10% 
trichloroacetic acid, dried and their radioactivity determined in Liqui-
fluor in a scintillation counter. All solu tions used in the transcriptional 
studies were sterile. 
Polyacrylamide Gel Electrophoresis of RNA 
The size of the newly synthesized RNA was determined by electro-
p horesis on polyacrylamide gels. Transcription was stopped by the 
addition of an equal volume of phenol satmated with the transcrip tion 
buffer containing 1 mM EDTA and 0.1% sodium dodecyl sulfate (SDS). 
Samples were centrifuged at 2,000 xg for 20 min and the aqueous 
p hase, which contained the 3H-RNA, was applied to a Sephadex G-100 
column to remove unincorporated label. The RNA was collected from 
t he column and precipitated at 5°C with 1/10 volume 20% potassium 
acetate (pH 5.6), 2 vol 95% ethanol and 100 !lg purified tRNA (Grand 
Island Biological Co.). The RNA was sedin1ented at 10,390 xg for 20 
min and the pellet dissolved in 100 !J.l8 M mea to which was added l / 10 
vol of a mixture containing 0.1% bromophenol blue and 50% glycerol. 
The sample was applied to a 90 X 6 mm cylindrical gel containing 3.8% 
acrylamide, 0.2% N, N-methlyene bisacrylamide, 1.6% urea, 0.1% am-
monium persulfate and 0.13% TEMED in electrophoresis buffer (89 
rnM Tris-HCl, pH 8.3, 3.2 111M EDTA, 89 mM boric acid). The gels. 
were electrophoresed at room temperatme at 5-7 V /em for 6 to 7 hr. 
Gels were removed from the tubes, frozen at -20°C and slices trans-
versely into 1 mm sections on a Mickle gel slicer. S lices were placed in 
scintillation vials and counted as previously described [6,12]. The size 
of the newly synthesized RNA was estimated using 3H-RNA maTkers 
(Schwarz-Mann) . 
RESULTS 
Histones and the various NHP fractions had markedly dif-
ferent binding affinities for DNA (Fig 1). In the absence of 
D NA, histones and NHP fractions labeled with '"C-Ieucine were 
all retained by the filters to about the same extent (84-87%). 
Thus, the differences in binding of DNA did not reflect differ-
e nces in protein binding to the filter. Satumtion binding of 
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FIG 1. Influence of concentration of nonhistone chromosomal pro-
teins (NHPs) and histones on their binding to DNA. Histones and 
NHPs were reassociated by g1·adient dialysis with 1 !lg of "H-thymidine 
l a beled melanoma DNA and DNA binding was measured. /';-/'; his-
tones,--- NHP, , Q-0 NHP2, .&- .& NHPa, ~ NHP., D-0 BSA. 
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FIG 2. Effect of concentration of nonhistone chromosomal proteins 
(NHPs) and histones on DNA template activity. Histones and NHPs 
were reassociated by g1·adient dialysis with 3 !J.g of melanoma DNA and 
incorporation of 3H-UTP into RNA was measured. /';-/'; histones, 
._. NHP,, Q-0 NHP2, .&- .& NHP3 , ~ NHP.,, D-0 BSA. 
protein to DNA was achieved at a protein:DNA ratio (w/ w) of 
5:1 for NBP,, 5:1 for histones, 100:1 for NHP2, and 30:1 for 
NHPJ and NHP-1. The histones and each of the NHP fractions 
bound 48-58% of the total DNA except for NHP2 which bound 
5%. When a complete system was used (i.e. NHP 1, NHP2, NHP.1, 
NHP.,, histones, and DNA in a ratio of 4:2:1:1:4:1) with all of 
the protein fractions dialyzed together, 61% of the DNA was 
bound to protein, whereas if the histones were added to the 
system after the other proteins had bound, 76% of the DNA 
was complexed. 
Various amounts of histone and/ or NHP bound to the DNA 
differentially diminished DNA template activity for RNA syn-
thesis (Fig 2). At maximum inhibition, the ratio of DNA binding 
to % inhibition of RNA synthesis was about 1.7 for NHP~, 
NHP:h and histones, but was much higher for NHPz (26.7). 
Both the absolute and the relative inhibition of RNA synthesis 
by NHP .. was much lower (ratio of 0.9) than for the his tones, 
NHP, or NHP3 (Fig 2). 
The size of the RNA synthesized from each of the above 
templates was determined by electrophoresis on 4% m ea poly-
acrylamide gels in which 4-288 RNA was detected. When DNA 
alone or DNA complexed with NHP2 (1:5-1:60) or with NHP., 
(5:1-30:1) was used as template, the RNA synthesized ranged 
in size from 4-288 (Fig 3A) . When NHP 1 was bound to DNA at 
aprotein:DNA ratio of 2:1 (w/w) a slight decrease in synthesis 
of 10-208 RNA was observed (Fig 3B); at a ratio of 5:1, which 
corresponded to maximum NHP 1 binding to the DNA, however, 
10-208 RNA was not synthesized and the major RNA products 
had sedimentation coefficients of 288 and 88 with lesser but 
discrete and reproducible peaks of 78, 68, 58, and 48 RNA (Fig 
3C). When NHPa reassociated to DNA (5:1-20:1) was used as 
template, RNA ranging from 4-128 was synthesized but higher 
molecular weight RNA was not observed. The maximum effect 
in all cases was seen when DNA was satmated with the NHP. 
Histones complexed with the DNA template at a ratio of 1:1 
(w/ w) caused slightly less 12-188 RNA to be synthesized (Fig 
3D); at a ratio of 5:1, synthesis of all classes of RNA (4-288) 
was inhibited. When both histones and NHP~, were reassociated 
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FIG 3. Electropho~etic pattern of RNA synthesized on a template of melanoma DNA reassociated with NHP 1 and/or histones. RNA 
synthesized from the following templates was applied to cylindrical 4% polyacrylamide urea gels. (A) 3 p.g DNA, (B) 3 p.g DNA+ 6 p.g NHP, , (C) 
3 p.g DNA+ 15 JLg NHP,, (D) 3 p.g DNA+ 3 JLg histones, (E) 3 JLg DNA+ 3 JLg his tones + 6 JLg NHP,. Arrows represent sedimentation coefficients 
extrapolated from a logarithemic plot of. values obtained by electrophoresis of RNA standards on a similar gel. 
with DNA (1:2:1, respectively), however, a marked decrease in 
total RNA synthesis occurred (Table), and synthesis of all 
classes of RNA were repressed except for discrete peaks of 288, 
88, 78, 68, 58, and 48 RNA (Fig 3E). This pattern is similar to 
that seen in Fig 3C in which NHP 1 and DNA were used as 
template without histones, but at a much higher NHP 1/DNA 
ratio. 
Each experiment was performed at least 3 times using nuclear 
proteins obtained from 3 or more separate nuclear isolations 
and DNA from 2 or more different extractions and purifications. 
In all cases the results were reproducible. RNase activity of the 
NHP and histone fractions was determined by incubation of 
RNA, synthesized from a DNA template as described above, 
with each of the protein fractions for 30 min and analyzing both 
the sizes and the total amount of the RNA as described above. 
RNA synthesized using 3 mg melanoma DNA and various nuclear 
proteins as template 
T emplate 
DNA 
NHP 1 +DNA 
(2:1)" 
NHP, +DNA 
(5:1) 
Histones + DNA 
(1:1) 
Histones + NHP, +DNA 
(1:2:1) 
pmole ["H) 
UTP incorporated'' 
18.0 
14 .5 
3.3 
9.8 
2.7 
"Ratio (w/w) of protein/ DNA. 
1
' SD for each figure was less than 15%. 
Reduction in 
["HJ 
UTP incorporated 
19.2% 
81.7% 
45.6% 
85.0% 
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Quantitatively and qualitatively this RNA was the same as the 
untreated RNA indicating that no RNase activity was present 
in any of the fractions. In a similar manner the pmified DNA 
was tested for residual RNase activity and none was detected. 
DISCUSSION 
The present studies show that histones and 4 major NHP 
fractions isolated from mouse melanoma nuclei have different 
binding affinities for DNA and that the NHP fractions differ-
entially affect not only the rate of RNA synthesis but also the 
size of the RNA transcribed. In addition the his tones enhanced 
the effect of NHP 1 on transcription. Reconstitution methods 
employed here have been previously shown to produce similar 
protein binding and transcriptional properties using reconsti-
tuted versus native chromatin [8-10,20]. To date most work 
with chromatin transcription has been carried out using bacte-
rial RNA polymerases and similarities in the RNA transcribed 
by bacterial and mammalian RNA polymerases have been 
demonstrated (4,8,21-23]. There remains the possibility, how-
ever, that there is an additional level of regulation that can be 
recognized only by a homologous eukaryotic RNA polymerase. 
A number of lines of evidence indicate that it is the NHPs 
rather than the histones which regulate transcription of DNA 
in eukaryotic cells (1,2,22,24]. If these proteins are involved in 
regulation of chromosomal function, they would be expected to 
have an affinity for DNA (25,26]. Om results show that certain 
melanoma NHPs have a high affinity for DNA and also de-
crease RNA synthesis. Thus they resemble the high affinity 
NHPs isolated by Thomas and Patel [26] as well as those 
obtained by Kostraba, Newman, and Wang (24] from Ehrlich 
ascites tumor and calf thymus cells. In addition, moreover, we 
have shown that NHP, selectively inhibits synthesis of all 
except a few discrete sizes of RNA, in particular 8S and 28S. 
NHP2 and NHP, depressed synthesis of all sizes of RNA and 
NHP3 restricted RNA synthesis to 4-12S. 
The high protein:DNA ratio (5:1) needed to observe effects 
on transcription is similar to that reported by other investiga-
tors [9,24,26,27]. This requirement may be due to the fact that 
these NHP fractions (NHP,_,.) are heterogeneous (12] and there 
may be only one or several proteins in each fraction responsible 
for the binding and/or transcriptional differences observed. 
This would explain the lack of correlation between the degree 
of binding of certain NHP fractions, considered as a whole, and 
the degree of inhibition of transcription by those fractions. 
Thus one or a few proteins in each fraction may have very 
different binding and/or transcription inhibitory activities than 
the proteins of the fraction considered together. Such a protein 
with high affmity for DNA might exist in NHP2, for example, 
which as a whole, has very little DNA binding activity (Fig 1) 
but is nearly as effective as NHP, in altering DNA template 
activity (Fig 2). This is also the most straight forward expla-
nation for the fact that maximum binding and/or inhibition of 
tl"anscription occmred at different protein/DNA ratios for the 
different fractions. This type of activity by a few select proteins 
might be expected if these proteins, indeed, have a physiologic 
regulatory role in transcription. Studies in other laboratories on 
binding of NHPs to DNA have also shown that, at protein 
satmation, a considerable amount of DNA still remains un-
bound to the proteins. Studies on binding of a NHP fraction 
fro m rat liver to homologous DNA indicate that, at saturation, 
75-80% of the DNA is bound to the protein fraction (26]. NHP 
fi·actions from rat liver [27] and Ehrlich ascites tumor cells 
[24], on the other hand, only bind to 20-30% of unfractionated 
DNA but this binding increases to 70-80% when reiterated 
sequences of DNA are used. In addition Bliithmann, Mrozek, 
and Gierer (9] found a NHP fraction in lymphocytes, which 
when present in very small amounts in a reconstituted system 
stimulates transcription, in vitro, of lymphocyte specific RNA 
sequences. It would thus not appear necessary for a protein 
fraction to bind to 100% of the DNA in order to exert an effect 
on transcription. It is possible that binding to specific DNA 
sequences is more important. It is also possible that some of 
the proteins are partially inactivated during the isolation pro-
cedme, and this may explain the lack of complete protein 
binding to DNA. 
Histones and NHPh in concentrations in which either frac-
tion alone had little effect on transcription, together inhibited 
transcription of all except certain sizes of RNA. The sizes of 
RNA synthesized using this template were the same as those 
synthesized using a much higher concentration of NHP, alone 
with DNA and without histones. We have previously shown 
that the NHP1 fraction contains no histones and that the 
histone fraction, which consists of all 5 histones, contains little 
if any NHP, [12]. Histones have been shown to play a role in 
the repression of DNA-dependent RNA synthesis [2,22,28] and 
also in the maintenance of tertiary DNA structw-e [20,29,30-
33]. The lack of specificity of histones suggests that as regula-
tory macromolecules they do not recognize, by themselves, 
specific regions of the genome [2,22,28]. It is possible that 
histones may exert a regulatory influence, however, by modify-
ing the effect of NHPs on transcription. Histones have been 
shown to enhance the binding of several classes of NHPs to 
DNA in mmine ascites tumor cells [34]. Certain classes of 
nonhistone proteins have also been shown to interact or to form 
complexes with particular histones [35-37]. It is possible that 
in the present study the histones enhanced the ability of NHP, 
to bind to DNA or structmally modified NHP 1 so as to enhance 
its effect on transcription or DNA binding. 
The studies presented here demonstrate that the nuclear 
NHPs of mouse melanoma cells contain fractions that bind to 
DNA and restrict transcription in vitro permitting synthesis of 
only a few specific sizes of RNA. The results suggest that these 
NHPs may be regulatory molecules involved in the differential 
transcription of the genome, and that for at least some NHPs 
this effect is enhanced by histones. 
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Announcement 
An ESDR international symposium on "The Urticarias" will be held in Robinson College, Cambridge, 
January 10-11, 1984. The symposium will deal with basic and clinical aspects of this group of disorders. 
Further information may be obtained from Professor M. W. Greaves, Institute of Dermatology, Homerton 
Grove, London E9.6BX, or from Mrs. H. Hatfield, Postgraduate Medical Centre, Addenbrooke's Hospital, 
Cambridge, England (Tel: Cambridge (0223) 212216). 
